The complete amino acid sequence of luffin-b has been determined. All the twenty-seven tryptic peptides were isolated by reverse-phase HPLCfrom the tryptic digests of intact luffin-b and one of its CNBrfragments (CB4), and sequenced using the DABITC/PITCdouble coupling method. The overlap of these peptides was achieved by analyzing the CNBr fragments and their chymotryptic peptides. Luffin-b consists of 250 amino acid residues with a relative molecular mass of 27,275 Da. Investigation for glycosylation sites indicated that Asn at positions 2, 78, and 85 might carry sugars. Sequence comparison with luffin-a showed that amino acid substitution occured in 55 positions. Luffin-b contains three glycosylation sites instead of the six sites in luffin-a, of which two were found to be conserved.
A number of plants of wide variety contain proteins that enzymatically inhibit protein synthesis on eukaryotic ribosomes.1 "3) These proteins have conclusively been shown to inactivate the 60S ribosomal subunit by cleaving off a specific adenine residue G44324) from 28S rRNA.4)5) Previously we isolated two isoforms of ribosome-inactivating proteins, luffin-a and b, from the seeds of the sponge gourd (Luffa cylindrica) and showed that they have similar molecular masses (28,000 Da) and isoelectric points (p/> 10), but differ in ribosome-inactivating activity: inhibitory activity ofluffin-b on protein synthesis in rabbit reticulocyte lysate was approximately 1/4 of that of luffin-a.6) Moreover, we sequenced the amino acids of luffin-a and showed it to be homologous to the ricin A-chain.7) In this paper, we describe the complete amino acid sequence of luffin-b and compare it with that of luffin-a to assess the degree of sequence homologybetween these two proteins. 229 
Materials and Methods
Luffn-b was prepared from sponge gourd seeds (Takii Seed Co.) as described previously.6) TPCK-treated trypsin and chymotrypsin were purchased from Sigma Chemicals. Cyanogen bromide (CNBr) was from Nakarai Chemicals Co. All other reagents were of analytical grade.
Proteolytic digestion. The lyophilyzed luffin-b (6 mg) was dissolved in 0.5ml of formic acid, dialyzed sufficiently against deionized water and then digested with 0.12mg of trypsin at pH 8.0 (adjusted with dilute ammonia) and 37°C for 7hr. The digest was separated into a soluble fraction (Ts fraction) and pellet (Tp fraction) by centrifugation.
Chymotryptic digestion was carried out using 1/100 by weight of the enzyme in aqueous solution at pH 8.0 (adjusted with dilute ammonia) and 37°C for 1.5 to 2hr.
CNBrcleavage. CNBrcleavage of luffin-b was done in 80% TFA solution with a 200-fold molar excess of CNBr over methionine by the method of Schroeder et al. 8 ) for 24hr at roomtemperature.
Peptide separation. Peptides were separated by reversephase HPLC (RP-HPLC) (Jasco Twincle) with a Finepak C4 or C8 column (4.6x250mm) using a linear gradient from Solvent A to Solvent B. The solvent systems9'10) used were: system I, 5 mMphosphate buffer, pH 6.0 (Solvent A) and 60% MeCNin the same buffer (Solvent B); system II, 0.1% TFA (Solvent A) and 60% MeCNin 0.1% TFA (Solvent B); system III, 0.1% TFA (Solvent A) and 30% MeCNin 2-PrOH (Solvent B).
Aminoacid composition and aminoacid sequence analysis. The peptides were hydrolyzed with constant-boiling HC1 containing 0.05% 2-mercaptoethanol in evacuted sealed tubes at 108°C for 24hr. The hydrolysates were analyzed with a Hitachi automated amino acid analyzer (Type 655 A). The tryptophan content of the peptide was measured by the absorption at 280 nmin the charcteristic extinction curve (320-220nm) using E\so =5500M"1 cm"1. The peptides were sequenced using the DABITC/PITC double coupling method and DABTH-amino acids were identified by two-dimensional TLC on a polyamide sheet (2.5x2.5cm) using 33% AcOH for the 1st run and toluene-fl-hexane-AcOH (2 : 1 : 1, by volume) for the 2nd run.1 1>12) The C-terminal residue of the peptide ending in lysine was established by the composition difference.
Nomenclature of peptides. Tryptic peptides and CNBr fragments from luffm-b, and chymotryptic peptides from the CNBr fragments, CB1 and CB4, are designated as T, CB, and C, respectively, followed by a number corresponding with their order in the sequence. CHrepresents the chymotryptic peptides from the tryptic peptide, T16 (=CB4-Tp).
Results and Discussion
Isolation and amino acid sequences of the tryptic peptides from luffin-b Both the Ts and Tp fractions from the tryptic digest of luffin-b were first separated by RP-HPLC on a C4 column using solvent systems I and III, respectively.
As depicted in Fig. 1A , the resolution of the Ts fraction gave a number of peaks, each of which was further purified by rechromatography on a C8 column using solvent system II. This procedure resulted in simultaneous desalting that facilitated smooth sequencing of the purified peptides. Rechromatography of the peaks showed that most of them were not pure and were separated into two or more peaks as indicated in Fig. 1A (peaks yielding two or morepeptides upon rechromatography were assigned two or more numbers). A total of 24 peptides (T1-T3, T5-T7, T10-T15, T17-T28) and a free lysine (T4) were obtained from the Ts fraction. On the other hand, the Tp fraction, as shown in Fig. IB , gave seven peptides, of which two were new peptides (T8 and T9) that were not found in the Ts fraction. The amino acid compositions of these peptides are listed in Table I . The amino acid sequences of these peptides The peptides in Ts-and Tp-fractions were resolved on a Finepak C4 column using solvent system I consisting of 5mMphosphate buffer, pH 6.0 (solvent A) and 60% MeCNin the same buffer (solvent B), and system III consisting of 0.1% TFA (solvent A) and 30% MeCNin 2-PrOH (solvent B), respectively. (1) 1.01 (1) 1.82 (2) 1.01 (1) 1.77 (2) 1.13 (1) 0.92 (1) 1.07 (1) 1.03 (1) 1. l l (1) 1. 07 (1) 1. 12(1) 1.00 (1) 1.92 (2) 0.81(1) 0.91 (1) 0.96(1) 0.87 (1) 1.00 (1) 1.00 (1) 1.00(1) 1.04(1) 1.00(1) 1.08(1) 1.00
(1) 1.00 (1) 1.00 (1) 1.00 (1) 1.07 (1) 3.17 (3) 1.19 (1) 0.97 (1) 0.91 (1) double coupling method. As it was of large size, sequencing of T9 identified the first 17 residues including two methionines and the rest of the sequencing was done by analyzing the CNBr fragments as described in the following section and in Fig. 4 . Sequence analysis of the tryptic peptides thus identified 203 residues comprising 81% of luffin-b.
Isolation and amino acid sequences of the CNBr fragments of luffin-b
Following CNBr cleavage of lufln-b in 80% TFA solution, the fragments were separated by RP-HPLCon a C4 column using solvent system III. As expected, four CNBr fragments (CB1-CB4) out of three Met residues were obtained as in Fig. 2A . The amino acid compositions of the four fragments account for the total composition of luffin-b (Table II) . Direct sequence analyses established the sequence of CB2 and CB3 containing 12 and 10 residues, respectively, and identified the first 19 residues of both CB1 and CB4. These analyses revealed that CB1 is derived from the N-terminus of luffin-b as they share the same N-terminal sequence, CB2 contains the last eight residues of T8 and the first four residues ofT9, thus linking T8 to T9. CB3 contains 10 residues in the sequenced part of T9 following CB2. The N-terminal three residues (GYL) of CB4 corresponded with the 15th to 17th residues of T9, i.e., CB4 starts after CB3. Taking all of these into consideration, an alignment of CB1-CB2-CB3-CB4 was deduced for the CNBr fragments from luffin-b. The first 19 residues of CB4 includes the previously unsequenced part of T9, thus completing the sequence of the latter. Sequence comparison of the isolated peptides with that of luffin-a showed that the still-to-be-recovered tryptic peptides (T16) might be present in the CB4 fragment, so it was digested with trypsin. The pellet produced upon digestion was separated by centrifugation and washed twice with ice-chilled water to remove any remaining soluble peptides, and was resolved by RPHPLCon C4 column using solvent system III. As can be seen from Fig. 2B , the pellet yielded a large peak (CB4-Tp), which gave a single N-terminal sequence as in Fig. 4 and a fair composition (Table II) . The reason why this peptide could not be isolated from the Tp Fig. 3 . RP-HPLCof the Chymotryptic Peptides from the CNBr Fragment CB1 (A) and CNBr Fragment CB4 (B) on a Finepak C8 Column. In both cases, elution was carried out with a linear gradient using solvent system II consisting of 0.1% TFA (solvent A) and 60% MeCNin 0.1% TFA (solvent B). (1) 1.87 (2) 2.ll (2) 0.84(1) 1.86(2) 1.03 (1) 2.16 (2) 3.14(3) 0.94(1) 2.26(2) 2.04 (2) 1.87 (2) fraction of luffin-b using the same column and solvent system is not clear. However, it may be that the presence of other large and hydrophobic peptides forms an aggregate that could not be eluted by the system used. This is supported by the findings that T8 and T9 from Tp fraction were obtained in reasonably low yield. The sequence of CB4-Tp (T16) was established by isolating and sequencing the chymotryptic peptides (CH1-CH3) from it as shown in Fig. 4 .
To complete the sequence of CB1and CB4 as well as to align their tryptic peptides, chymotryptic peptides were isolated from them as shown in Fig. 3 . A search was made for the lysineand/or arginine-containing peptides among the analyzed compositions of the peptides obtained (summarized in Table III) .
Only four such peptides (C1-C4) were recovered from CB1, which gave sufficient overlap of T1-T2,  T2-T3,  T3-T4-T5-T6-T7, and T7-T8. A total of 10 such peptides, C5-C14, were isolated from CB4 that provided  the alignment  of T9-T10,  T10-Tll,   Tll-T12-T13-T14-T15,  T15-T16,  T16-T17-T18, T18-T19-T20,  T20-T21,  T21-T22-T23-T24, T24-T25-T26-T27, and T27-T28.
Aminoacid sequence of luffin-b and sequence comparison The complete amino acid sequence is shown in Fig. 4 , together with the details of the showed the presence of one N-acetylglucosamine at each position (the details will be described in a later paper). higher-salt-concentration elution from FPLC cation exchange column than luffin-a. The substituted amino acids were located in the N-terminus and C-terminus (residues 176-250) regions. However, no substitution were observed in the central regions (71-101 and 117-175). These central regions, which include the only His and Trp, and several Glu, may be critical for constructing the necessary structure for the activity. A comparison of the sequence of the putative activesite of ricin A-chain designed by a threedimensional model13 '14) revealed that it comprises residues in these regions. The
Lys-23 1, the amino acid has been demonstrated to be at or near the active site ofluffin-a,15) is conserved in luffin-b. However, the amino acids sorrounding this residue were found to be extensively substituted.
